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Toxoplasma gondii, Neospora caninum, and Sarcocystis spp. are the 3 major protozoans that cause encephalomyelitis in animals. 1, 6 This is the first report of Sarcocystis-associated meningoencephalitis in mink.
Two l-month-old female Mahogany mink (Mustela vison) were submitted live to the Oregon State University Veterinary Diagnostic Laboratory, Corvallis, for diagnosis. These kits came from a farm of approximately 15,500 mink. Affected kits had just been weaned and started on solid feed (turkey and fish parts). The owner described the kits as weak and ataxic, and he thought that they were starving to death even though they had access to adequate feed. Prior to necropsy, the 2 submitted mink were weak and comatose. At the time of submission, 50 kits had died over a 2-week period. Once a litter was affected, eventually the majority of the remaining litter died. The deaths were randomly distributed throughout the farm. The owner also reported an increased number of abortions and fetal loss during this kindling season. Virgin breeding mink were vaccinated at breeding and with yearly boosters of a 4-way commercially available vaccine for mink distemper, botulism, mink viral enteritis, and hemorrhagic Pseudomas aeruginosa pneumonia.
The submitted mink were euthanized and necropsied. Grossly, there was a focal region of light yellow discoloration with indistinct boundaries in the right frontal cerebral cortex of 1 mink. The lumens of stomach and intestines of both mink were empty.
Specimens of the heart, brain, kidneys, urinary bladder, liver, thymus, stomach, small and large intestines, lymph nodes, and lungs from both mink were fixed in 10% buffered formalin. Paraffin-embedded 5-6-µm-thick sections were initially stained with hematoxylin and eosin (HE) and evaluated microscopically. Selected specimens of the brain were embedded in methacrylate, and 2-3-µm-thick sections were stained with HE and periodic acid-Schiff (PAS). Paraffinembedded sections were retrospectively stained with antisera to T. gondii, N. caninum, and Sarcocystis cruzi as reported previously.* For ultrastructural examination, a 4-mm area of brain lesions from a paraffin block was routinely processed for transmission electron microscopy (TEM).
Microscopically, in the cerebral cortex there were focally extensive areas of severe necrosis and inflammation that often involved an entire gyrus. The sheets of inflammatory leukocytes consisted of primarily neutrophils with fewer macrophages and lymphocytes. In adjacent regions and scattered throughout the remaining brain parenchyma, there was multifocal abscessation, angiocentric accumulations of leukocytes, vasculitis, meningitis, and gliosis ( Fig. 1 ). Numerous protozoa seen in 6-µm HE-stained sections appeared to be structurally similar to T. gondii (Fig. 1B) . A closer examination of plastic-embedded 1-3-µm sections revealed immature and mature schizonts (Fig. 1D) .
The structure of the protozoa as seen in 1-µm toluidine blue-stained sections and by TEM are shown in Figs. 2-4. Only asexual stages were seen. The protozoa divided by endopolygeny, a divisional process similar to that of Sarcocystis schizonts. 6 Schizonts were located in the cytoplasm of neurons without a parasitophorous vacuole.
The earliest merozoite ready to differentiate into a schizont had a centrally located nucleus ( Fig. 2A ). The earliest schizont (5 x 7 µm) contained a 4-5-µm-diameter nucleus with a prominent nucleolus (Fig. 2B ). In later schizonts, the nucleus was lobed (Figs. 2C, 3 ). The parasite nucleus was at times wrapped around the host cell nucleus. The nucleus in immature schizonts was highly irregular, and the nucleolus disappeared when the nucleus became multilobed (Fig. 2D) . Merozoites were formed internally as well as peripherally ( Fig. 2E) , and the merozoite formation was not synchronous. Sometimes 2 schizonts were seen within the same host cell, rally infected with Sarcocystis sp. A. Several foci of necrosis and inflammation are visible often at a different stage of division (Fig. 2B, 2H) . The schiz-sicular nucleus. In some schizonts, the merozoites were onts were 5-25 µm in diameter (on maximum dimension) tached to a residual body (Fig. 2C, 2F ). The residual body and contained up to 25 merozoites. Longitudinal cut mer-was 4-6 µm in diameter and was often not distinct. ozoites were 5-6 x 1.0-1.2 µm in size and contained a ve-Ultrastructurally, merozoites contained organelles found in Sarcocystis merozoites, including micronemes; no rhop-seen. Routine bacteriologic cultures of the ileum and liver tries were seen.
were negative. Routine fluorescent antibody procedures did Immunohistochemically, organisms reacted to anti-Sar-not demonstrate the presence of canine distemper virus in cocystis serum but not to T. gondii and N. caninum antisera. the stomach, urinary bladder, or lung from either mink. A In the lungs, there was histologic evidence of a histiocytic-pooled blood sample had a glucose level of 58 mg/dl. lymphocytic interstitial pneumonitis and of a mild histio-
The organism that caused encephalitis in these mink is cytic-lymphocytic myocarditis. No viral inclusion bodies were structurally and antigenically similar to Sarcocystis neurona, which causes equine protozoa1 myeloencephalitis (EPM). 2 An volves many organs and was seen in a 2-day-old dog. 3 The EPM-like disease also has been reported in 3 raccoons. 4, 13, 14 organism in the mink is more similar to S. neurona than to The disease in horses, raccoons, and minks is confined to the S. canis, based on the character of lesions and the confinecentral nervous system. 4, 7, 13, 14 ment of the parasite to the central nervous system. The life cycle and source of infection of EPM or EPM-like
The lesions described in this report are distinctly different diseases are unknown. An unusual feature of the disease in from those in previously reported diseases affecting the centhis report was the acute nature of the encephalitis and the tral nervous system of mink, including canine distemper, young age of the affected mink. Protozoan encephalitis as-Newcastle disease, transmissible mink encephalopathy, Ausociated with Sarcocystis has been found mainly in adult jeszky's disease, lead toxicity, thiamine deficiency, mercury animals. Diagnosticians should be aware of the Sarcocystis--toxicity, Listeria sp. infection, toxoplasmosis, 10 and nonsupassociated encephalomyelitis in animals. A similar disease purative meningoencephalomyelitis of unknown etiology. 12 occurs in the dog, bear, sea lion, and chinchilla. 5, 9, 11, 15 The
